Abstract. Two-year studies were conducted on 4-to 6-year-old rabbiteye blueberry (Vacciniun ashei Reade) plants grown on a high (6.6) pH soil and irrigated regularly with water containing moderate amounts of Na and Ca (32 and 15 ppm, respectively). In one study, various levels (0, 280, 560, and 1120 kg·ha -1 ) of elemental S were applied in a single annual application. In another study, a single level (1120 kg·ha -1 ) of S was applied annually in either one, two, or four applications. Applications of S at up to 1120 kg·ha -1 were not detrimental to plant vigor of rabbiteye blueberries. Soil pH decreased with successively higher levels of applied S. Leaf P, K, and Mn contents were higher and soil pH was lower with single compared with multiple applications of S. Soil K, Ca, Mg, and S levels were negatively correlated with plant growth. Amounts up to 1120 kg·ha -1 of applied elemental S were not sufficient to lower soil pH to a level desirable for rabbiteye blueberry production when the soil was irrigated 7 months·year-1 with water containing moderate amounts of Na.
Blueberries, members of the Ericaceae family, require an acid soil and minimal fertilization for optimum growth. Blueberries tend to either accumulate or tolerate high levels of Mn and Al, and growth may be limited by excessive absorption of Ca and Na salts (Haby et al., 1986; Korcak, 1988; Spiers, 1983 Spiers, , 1990 . Iron chlorosis often occurs in blueberry plants grown in soils with a pH >5.2 (Eck, 1988) . Cain (1952) reported Ca fertilization-induced Fe deficiency (lime-induced chlorosis) when the soil pH was raised above 5.5. Austin et al. (1986) found growth and yield of rabbiteye blueberries decreased and plant chlorosis increased when plants were grown in soils at a higher pH (up to 6.5). In Michigan, blueberry growth was reduced when Ca exceeded 10% of the cation exchange capacity (Ballinger et al., 1958) . Other studies (Facteau and Eck, 1970; Townsend, 1973) indicated that Ca base saturations up to 22% to 35% increased blueberry growth. In rabbiteye blueberries, soil pH appears to have a greater influence on Ca uptake than do Ca soil additions, and excessive uptake of Na at high pH levels may limit plant growth (Spiers, 1984) . In sand culture studies, high levels of Na resulted in increased N in rabbiteye blueberry leaves but reduced growth (Spiers, 1983) . Haby et al. (1986) found marginal-quality irrigation water caused nutritional imbalances and poor growth of rabbiteye blueberry plants grown in pots. In a field survey, Creech et al. (1986) reported a positive correlation between high Na content in irrigation water and poor rabbiteye blueberry plant growth and indicated that 50 ppm Na in irrigation water may cause plant damage. A study with sodic irrigation water by Patten et al. (1988) indicated that salt accumulation in the root zone of rabbiteye blueberries would cause leaf chlorosis and poor plant growth and that leaching winter rains were critical for efficient plant growth. In commercial rabbiteye production on mineral soils, S is commonly used to lower soil pH and/or. regulate availability of nutrients, but excessive applications may injure plants (Peterson et al., 1987 
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was initiated to ascertain the effects of applying various levels of S at various intervals to a high pH soil on which chlorotic rabbiteye blueberries were growing. Another objective was to determine the effect of S treatments, in conjunction with moderately saline irrigation water, on certain soil characteristics.
Materials and Methods
This experiment was initiated in June 1985 on a blueberry farm located in Covington County, Miss. (latitude 31.4ºN). 'Tifblue' plants had been established in 1981 on a previously (1979) limed Ruston fine sandy loam (fine, loamy, thermic Typic Paleudult) soil with a pH of 6.1 to 6.4, but a natural pH of 4.9 to 5.5 as determined by U.S. Dept. of Agriculture Soil Survey and by samples collected adjacent to the blueberry field. Plants were relatively weak and chlorotic. Before and throughout the study, plants received uniform applications of 14N-4P-7K [N from (NH 4 ) 2 SO 4 ] fertilizer banded over the rows at recommended rates (Spiers et al., 1985) . Annual sampling had indicated no decrease in soil pH with the use of this acid-forming fertilizer, and in 1985, before treatment application, pH values averaged 6.6. Soil was low in organic matter (predicted soil N level < 1.0% N) and had a cation exchange capacity of 7.6 to 8.6 meq/100 g. Available soil (0-to 15-cm depth) nutrient contents were (in ppm): P, 36-70; K, Ca, Mg, [178] [179] [180] [181] [182] [183] [184] [185] [186] [187] [188] [189] [190] [191] [192] [193] [194] Zn, [2] [3] [4] [5] Mn, [2] [3] Fe, [19] [20] [21] [22] [23] [24] [25] . Trickle irrigation at 8 liters/plant was applied daily by a single emitter located near the crown area. Irrigation water had an EC of 0.13 dS·m -1 , pH 6.8, and contained (in ppm); Na, 32; Ca, 15; Mg, 3; HCO 3 , 101; Cl, 14; SO 4 , 18; and Fe, 0.05. All leaf and soil analyses were determined by the Soil and Plant Analysis Laboratory, Mississippi State Univ., and water was analyzed by Delta Lab Inc., Vicksburg, Miss. (Rasberry and Lancaster, 1977; Sabbe, 1974) .
Study 1 consisted of four rates (0, 280,560, and 1120 kg·ha -1 ) of elemental pelletized S broadcast during June in single annual applications. In Study 2, annual applications of 1120 kg·ha -1 of S were made as a single application (June), as two applicaAbbreviations: EC, electrical conductivity.
tions (560 kg S/ha in June and August), or as four applications (280 kg S/ha in June, July, August, and September). Experimental design for both studies was a randomized complete block with four replications and four to six plants per plot grouped (leaf samples) or averaged (plant ratings) as experimental units. Treatments in both experiments were applied in 1985 and 1986. In both studies, soil (O-to 15-cm depth) and leaf (four, five, and six leaves from terminals) samples were collected before treatment. Additional leaf samples were taken Oct. 1985 (4 months after first treatment), June 1986 (1 year after first treatment and before second treatment) and Sept. 1986 (3 months after second treatment). Soil was additionally sampled on June 1986. Plant vigor (0 = worst, 5 = best vigor) and chlorosis (1 = extreme chlorosis, 5 = no chlorosis) were rated before treatment and in July 1985 , and 1987 . In Aug. 1987 , soil samples for Study 3 were taken from plots treated in 1985 and 1986 with single (June) annual applications of 1120 kg S/ha and from plots receiving no S. Samples were taken from four replicated blocks at all combinations of four distances (15, 30, 60, and 120 cm) from the plant crown toward the row middle and four depths (0-15, 15-30, 30-45, and 45-60 cm) . Soil Na and Ca content, pH, and EC were determined.
Standard and regression analyses of variance were conducted on treatment effects, and correlations between soil pH, soil elemental content, and plant (elemental content, vigor, and chlorosis) factors were determined.
Results and Discussion
Four rates, one application (Study 1). When measured either 4 months (Oct. 1985) or 1 year (June 1986) after initial treatments, single annual applications of varying levels (0 to 1120 kg·ha -1 , of elemental S did not influence leaf content of macronutrients (N, P, K, Ca, Mg) or micronutrients (Fe, Mn, Zn) (data not shown). In Oct. 1985, chlorosis decreased linearly, from a rating of 2.9 to 3.4 (P = 0.05) with increased levels of S. This effect was not evident at later dates. Plant vigor was not influenced by S levels (data not shown).
By July 1987 (2 years after initial and 1 year after the second application of S), increasing S levels resulted in increasing concentrations of leaf N, P, K, and Mn (Table 1) but had no corresponding effects on plant chlorosis or vigor. Soil pH had decreased linearly with increasing levels of applied S by June 1986 (from 6.1 to 5.4; P = 0.001) and July 1987 (Table 1) .
One rate, incremental applications (Study 2). Annual applications of 1120 kg·ha -1 of S in either one, two, or four increments had no effect on chlorosis or leaf elemental content when measured 4 months after initial application (data not shown). One year after initial application and before the second annual application, no changes due to S treatment were evident in plant vigor, chlorosis symptoms, or leaf nutrient content with the exception of leaf Mn (Table 2 , June 1986). Leaf Mn increased linearly as the number of applications used to apply 1120 kg S/ ha decreased. Two years after the study began and after 1120 kg S/ha had been applied twice, treatments still had no effect on plant growth, chlorosis, or leaf N, Ca, Mg, Fe, and Zn. Leaf P, K, and Mn increased linearly as application decreased (Table  2) .
Single applications of 1120 kg S/ha tended to reduce soil pH more than multiple applications, but a linear relationship, indicating a decrease in pH (from 6.0 to 5.4; P = 0.01) with a decrease in applications, was present only in 1986. Soil S levels were not significantly influenced by treatments in Studies 1 or 2 (data not shown) and ranged from 265 to 405 ppm. Since few effects of S treatment from either Study 1 or 2 occurred until July 1987, correlations were determined between plant (vigor, chlorosis, and leaf elemental content) and soil (elemental content and pH) measurements (Table 3) . Regardless of S treatments, soil pH, which ranged from 5.5 to 6.6, had no significant correlation with plant vigor, chlorosis, or content of any leaf element and soil elemental content and pH did not influence leaf P, Fe, or Mn content (data not shown). Soil P was positively correlated with leaf Zn and plants became less chlorotic as soil P increased. Soil K levels were positively correlated with leaf Zn and leaf Cu, and plant vigor decreased with increased soil K. Levels of soil Ca correlated positively with leaf Mg and chlorosis severity. The same relationship occurred between soil Mg and chlorosis. Soil Mg was negatively correlated with plant vigor but did not influence leaf content of any element. Higher soil S levels resulted in higher leaf K and Mg contents and increased chlorosis. Soil Zn had a positive correlation with leaf N and negative correlations with leaf Ca and Mg. In general, higher levels of soil K, Ca, Mg, and S were associated with either reduced plant vigor or increased chlorosis.
Soil characteristics (Study 3). Neither additions of S nor soil sampling depth influenced soil Na content (Table 4) . Soil Na decreased as distance from the crown (and drip irrigation emitter) increased. At a distance of 120 cm from the plant crown, there was 27% as much soil Na as at 15 cm from the crown.
Soil Ca was not affected by distance from the plant crown or, independently, by S additions, but the S x depth interaction was significant. With or without S, soil Ca content followed a quadratic relationship with depth, but S additions resulted in lower soil Ca levels in the upper soil horizons with resulting accumulations at lower depths. Without S, soil Ca values were higher in the 15-to 45-cm depths. With added S, Ca levels were less at the 0-to 15-cm depth and accumulated at 30-to 60-cm depths.
There were significant S × depth and S × distance interactions for both soil pH and EC. Overall, S additions reduced pH. Without S, soil pH values decreased linearly with depth. With added S, soil pH followed a quadratic relation with depth. Soil pH values were lowest at 0-to 15-and 45-to 60-cm depths and highest at 15-to 30-cm depths. Without S, soil pH was not influenced by distance from the plant crown. When S was added, pH values decreased with distance from the crown area.
EC was significantly higher in S-treated plots. Regardless of S treatments, EC decreased linearly with soil depth, but the rate of decrease was higher in the plots receiving S. Soil EC was not influenced by distance from the plant crown in plots without added S but increased quadratically with distance in plots with S additions.
Salts typically concentrate in soils at the evaporating surface of the irrigation front (Eufing, 1983) . On plots with no added S, the irrigation system used in this study maintained an EC about the same as or lower than the EC of the irrigation water. At distances less influenced by drip irrigation (60 and 120 cm from the crown), plots with added S had EC values ≈ 100% higher than those from plots without S. Near the crown area (15 and 30 cm), which is more influenced by drip irrigation, EC values in plots with S were ≈ 20% higher than corresponding plots without S and about the same EC values as the irrigation water.
These findings emphasize the importance of water quality factors (low EC, low Na, Ca, and other cations) in blueberry production. Additions of S at rates up to 1120 kg·ha -1 were not sufficient to overcome the effects of Na and Ca added by irrigation. Sodium added by drip irrigation appears to be uniformly distributed from 0 to 60 cm in depth and, in this sandy soil, concentrated under the emitters. Calcium appears to be more readily leached from the 0-to 15-cm depth and accumulates in the lower depths. Since soil Ca levels did not change with distance from the plant crown (i.e., irrigation emitter) and irrigation water contained a relatively low concentration of Ca compared with total soil Ca, the lower levels of Ca at the 0-to 15-cm depth may reflect the soil Ca pattern before blueberries were planted.
Plant growth and vigor were not significantly affected by the additions of soil-applied S, even when higher levels of applied S reduced soil pH to a more desirable range. In appears that the limiting factors in plant performance were excessive salts in the soil and high soil pH.
With the current irrigation rates and resulting additions of Na and Ca, the addition of S necessary to lower soil pH to a more desirable range for blueberries would raise the EC of the soil, possibly to a detrimental level. An irrigation regime that would maximize cation leaching during nonproduction periods may prove beneficial.
